Abstract-Predicting the potential behavior a forest fire is an essential task in fire management which aims to minimize the negative impact of fire on property and society. Many fire spread models were developed. They are either physics-based or empirical models. These mathematical models usually use a set of non-linear equations which are mostly complex and couldn't easily applied in developing countries like Lebanon. This paper poses a semi-empirical mathematical model referring to the experimental results used in Anderson's model (1983) and relying on Rothermel's model (1972). The proposed equation uses parameters of both weather and topography, where wind speed and direction, fuel moisture content and slope coefficient are introduced to obtain the expected spread rate (mile/hour).This proposed model is characterized by its simplicity and thus the possibility of implementation in Lebanon.
I. INTRODUCTION
In general, "modelling wildland fire behavior seeks to address the prediction of the quantitative parameters which may be used to describe the spread of fire through a fuel bed"; Perry 1998 [1] . Models are divided into theoretical, empirical and semi-empirical. In theoretical models, the fire behavior is described using physical and chemical laws that govern combustion, fluid mechanics, and heat transfer. This in turn requires the use of large numbers of parameters in the equations for calculation. The obtained equations are often very complicated which makes its application even harder in real situations with real data especially in developing countries. Moreover, Validation of such models is extremely difficult due to the scalability and variability the phenomenon of wildland fires.
The first attempt in fire behavior modelling was by Fons (1946) in the United States [2] . It was a simplified theoretical example applying the energy conservation equation to a uniform volume of solid particles immersed in an ideal fire line in which fire spread and growth of fuel bed temperature could be obtained. Physical models are based on the analysis of the underlying physical and chemical processes. Albini [3] , Manuscript Grishin [4] and Weber [5] provided significant models of this sort. In the last decades, Butler et al., 2004 [6] and Alexander et al., [7] presented physical crown fire models.
Empirical models: These models constitute of statistical correlations coming from observations and experiments or studies on precedent wild land fires. These are limited to be applied to systems in which conditions are similar to those incidents tested. A good example is the McArthur model which predicts the rate of spread of Australian grassland fuel relying on temperature and humidity [8] . Stocks et al., 2004 presented one of the most prominent crowd fire models in the last decades [9] .
Semi-empirical models: These models merge between simple physical algorithms, and completed through experimentation. Also in such models, the induction is reasonable in situations identical to those used in experiments. Semi-empirical models include often simplified equations with less number of parameters used, and popularly utilized by countries and organizations. Semi-empirical models have usually a rationale based on physical laws but the solution of the equations is accomplished by statistical analysis. This is the case with the most widely known and used Rothermel model [10] , which forms the basis for computer applications such as FARSITE [11] , Behave (Andrews [12] , Burgan and Rothermel [13] ), Sparks (SchÖning [14] ).
Rothermel's model continues to be used to be used today as it has proven it's rigor in both the field and in theory. Many models that employ remote sensing as well as such techniques as finite difference, finite element, neural networks, and cellular automata use the Rothermel Model as a basic function. Despite its high importance, this model uses 24 parameters which makes its application very expensive and even impossible in developing countries like Lebanon.
In this paper, a simplified model equation is posed that merges between Fons experiments used by Anderson [15] and Rothermel [10] . The significance of the proposed model is in the minimized number of parameters used and the ease of extraction. Our model uses only five parameters: FMCwhich can be predicted from the fuel load of the witnessed area, wind speed (mi/h), wind direction, packing ratio, and the slope of the fuel bed. It is characterized by the type of parameters introduced, as both meteorological and topographic aspects are taken into account to obtain the spread rate (feet/min) in all directions reference to the direction of wind.
II. THE SIMPLIFIED MODEL
Due to the complexity of the utilized equations related to the rate of spread of forest fire regarding the numerous number of parameters used, which definitely do not suit
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Ali Karouni, Bassam Daya, Samia Bahlak, and Pierre Chauvet developing countries due to the lack of the appropriate measuring tools and advanced laboratories, centres and even researchers, a simplified equation is generated using statistical results of Fons experiment, Table I , representing the rate of fire spread FSR based on the moisture content FMC and the wind speed and using Table III showing the fire spread rate in function of α, the angle that is formed by the wind direction. The experimental data used in this paper refer to the experimental results performed by Fons 1939 which listed and used by Anderson in his contribution [15] .
Fons reported on a series of 198 test fires conducted in a low velocity wind tunnel. Table I states for pine litter the spread rate of surface fires with varying wind velocity and moisture content (Table I) . Wind velocity that was measured 1 ft (0.3 m) above the fuel surface was varied from 2 to 12 mi/h (3.2 to 19.3 km/h). This measurement is comparable to mid flame height. Fires were started from a point source and allowed to grow until they were approximately 18 inches (45.7 cm) in width.
The data of Table I are displayed in Fig. 1 and regression Table II and Fig. 2 .
After plotting the coefficients, regression is made to the plots and the result is shown in Fig. 2 . 
FSR, as obtained, is an equation that predicts the speed rate in the strict forward direction, the direction of the wind. Equation 1 ignored two important factors: the slope and the angle effect in the different directions. The angle effect could be deducted using the experimental records also reported in the work of Anderson referring to the readings of Fons (Table III) . Ratio of angular distance to the distance of maximum spread or Angle Ratio βα is shown in Table III based on varying wind speed and the angle formed with the wind direction α.
A. Angle Effect
The angle ratios are plotted and the most appropriate regression equations are conducted (Fig. 3) . Knowing that packing ratio is the compactness of the fuel bed and it is determined by the fuel model. It is the ratio of fuel bed bulk density (fuel load / fuel bed depth) to fuel particle bulk density. The slope factor is smaller for more tightly compacted fuel. Now we can derive the final equation of FSR after taking into consideration both effects, slope and the angle with the direction of wind, and merging with the equation of FSR1 (1). . Here appears the urgent need for every effort that could stop the occurrence of fires or at least limit their catastrophic consequences not only on forestry but even on human. This paper presents a new simplified semi-empirical model equation that could predict the behavior of fire by using a limited number of parameters easy to extract.
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